DEVELOPMENT OF THE POSITIVE PRESSURE OXYGEN AIR LOCK (AL) DEVICE
I n 1950, Dr Allan Penny Bloxsom (1901 Bloxsom ( -1991 , a Houston pediatrician, introduced his positive pressure oxygen AL for the resuscitation and oxygenation of distressed newborns delivered by cesarean section. 1 Dr Bloxsom was a highly respected general pediatrician who took a special interest in the distressed newborn infant long before neonatology became a recognized subspecialty. He received his medical degree from Johns Hopkins University and completed postgraduate training in pediatrics at the Harriet Lane Home in Baltimore, Maryland. He has been described as "a very accommodating gentleman, quietly industrious and retiring" (Dr J. A. Lucci, oral communication, August 1998). In 1942, he reviewed 100 consecutive infants delivered by cesarean section at the St Joseph's Infirmary (later referred to as the St Joseph's Maternity Hospital) in Houston, Texas, and reported that 42% of these infants required active resuscitation as compared with 18% of infants delivered by the vaginal route. 2 He recognized that maternal analgesics were important factors in causing neonatal depression, but he also hypothesized that the absence of uterine contractions, in the case of cesarean deliveries, had an adverse effect on the initiation of neonatal respirations. He proposed that the alternating uterine contractions during labor conditioned the fetal respiratory center to respond quickly after delivery. He also suggested that the uterine contractions had a direct stimulatory effect on the chest wall and lungs as the infant left the birth canal.
Bloxsom's positive pressure oxygen AL was designed to replicate the alternating pressure changes produced by the contracting uterus during labor. He constructed his original AL (Fig 1) by sawing an aluminum pressure cooker in half and welding in a center cylinder of sheet aluminum, resulting in a chamber 37 inches in length and 12 inches in diameter. Heating and humidification units and an array of pressure gauges, switches, and motors were added to create what must have been a noisy and frightening juggernaut in the premature nursery. The entire body of a distressed infant was placed into the AL device immediately after delivery, and the cylindrical chamber was infused with humidified 60% oxygen. The pressures within the chamber were then cycled between 1 and 3 lb/in 2 at 1-minute intervals to simulate the intrauterine contractions of labor. It is important to point out that Bloxsom's device was not a negative pressure ventilator or an "iron lung" device.
Bloxsom listed 7 specific advantages of his positive pressure AL (Table 1 ). In his original 1950 description of the AL, he reported that a total of 55 infants had been "processed in the lock in an attempt to habituate them to extrauterine conditions" with only 11 deaths. Soon after the development of the AL device, a commercial Plexiglas model was produced by the Loewenstern Corporation of Houston (Fig 2) .
UNCONTROLLED TRIALS AND EXPERIENCE WITH THE AL
On June 29, 1950, Dr Bloxsom presented a paper about his new AL device before the Pediatrics Section of the 99th Annual Session of the American Medical Association in San Francisco, California. His paper entitled "Asphyxia Neonatorum-New Method of Resuscitation" and comments from the audience were published a year later in Journal of the American Medical Association. 3 During the discussion period following Bloxsom's presentation, Dr Arthur H. Parmalee, a pediatrician from Beverly Hills, California, commented: The medical editor of Newsweek attended that convention and featured the Bloxsom AL, complete with a photograph, in the July 10, 1950 issue. 4 This article described the AL as "the Plexiglass Mother" and credited it with a 25% reduction in the infant mortality rate at the St Joseph Infirmary in Houston.
Two years later, Drs John Zelenik and Harry Prystowsky, 5 obstetricians at the United States Army Hospital at Fort Benning, Georgia, reported their experience with 153 infants who were placed in the positive pressure oxygen AL between May 23, 1951, and January 12, 1952. They concluded that the AL "was a valuable adjunct in resuscitation and seemed to be lifesaving for the occasional depressed and/or premature infant."
In 1954, Dr Edward (Ted) H. Townsend, Jr, 6 a practicing pediatrician and Director of the Regional Premature Center at the Rochester General Hospital in Rochester, New York, reported his experience with 150 infants placed in the AL during the preceding 18 months. He reported that 72 of the treated infants failed to show any demonstrable benefits from the AL device. He pointed out that the AL should be referred to as an "oxygenator" and that "the truly apneic infant cannot be maintained in an acyanotic state by the AL." Based on his studies with the AL, Townsend claimed that: "The improvement in color is not due to passive diffusion of oxygen into the infant's skin because of a higher pressure gradient; it is due to an improvement in general oxygenation of the infant. Proof of this lies in the fact that it is accompanied not only by an improvement in color but also by a reduction in the apparent degree of respiratory distress, which is in turn followed by an improvement in the infant's general clinical condition."
In a second paper published a year later, Townsend 7 presented detailed clinical descriptions of 9 patients who improved after treatment in the AL. Here, he proposed that the AL was capable of promoting "antiatelectatic action." He attributed the observed clinical improvement to the "ability of the AL to induce expansion of collapsed segments of the pulmonary tissue."
In 1953, Drs Virginia Apgar and Joseph Kreiselman 8 from the Department of Anesthesiology at the Columbia University College of Physicians and Surgeons, New York City, reported their laboratory studies with the Bloxsom AL device. They found that the device was ineffective for the resuscitation of adult dogs that were made apneic by the intravenous infusion of pentobarbital. They concluded:
"Indeed, the condition of any anoxic patient should be improved by placing him in an atmosphere of at least 50% oxygen, under a tension of more than 50 mm Hg above atmospheric pressures. There is no evidence that any improvement in the infants is related to the alternating pressures simulating uterine contractions."
In an article published in 1954, Dr Bloxsom and Sister Mary Angelique 9 from the St Joseph's Maternity Hospital responded to Dr Apgar's evaluation of their device as follows: "In January 1953, an adverse critical evaluation of the AL from New York City appeared, based on attempts to make the AL function as a barospirator for apneic adult dogs. Such a function, of course, was never intended or claimed for the AL."
They went on to report that the 48-hour mortality rate for term infants delivered at their hospital decreased from 63 per 10 000 in 1949 to 37 per 10 000 in 1952, a 41% reduction. They attributed this decline, in part, to the use of the AL. They also suggested that the AL pressure helped to induce a flattening of the alveolar cuboidal epithelial cells, providing a greater surface for the exchange of O 2 and CO 2 .
Finally, in 1956, 6 years after the introduction of the Bloxsom AL device, a randomized, controlled clinical trail of the device was reported from Johns Hopkins Hospital by Reichelderfer and Nitowsky. 10 Seventy-two infants were randomized to the AL and 71 to standard treatment in an Isolette brand of incubator. They found no differences in mortality rates or relief of respiratory distress between the 2 groups.
EPILOGUE
The Bloxsom AL device experienced a precipitous birth, a rapid acceptance and proliferation of usage, a rapid death, and now extinction. After its invention and evaluation by a single individual, the device rapidly captured the attention of both obstetricians and pediatricians and use of the device proliferated in the United States during the early and mid-1950s. Many hospitals viewed the device as a status symbol and local newspapers reported the acquisition and use of this most impressive device. The report in Newsweek magazine brought it to the attention of the general public.
Despite its bulky size and loud noise, the Bloxsom AL was readily accepted by the nurses who were in charge of the many new premature nurseries that were established in the 1950s. For very important reasons of infection control, the premature nursery nurses from that era viewed themselves as the guardians of the fragile preterm infants. Physicians, house officers, and parents were typically locked out of the premature nursery. Thus, these nurses viewed the AL device as an additional barrier with which they could exclude others and protect the fragile infants from "meddlesome treatment."
By the late 1950s, use of the Bloxsom AL rapidly declined, particularly after cases of retrolental fibroplasia were reported in preterm infants and the association between RLF and oxygen therapy was established. There were a few outposts where use of the AL continued into the early 1970s. One small hospital located in the mountains of northern Pennsylvania, for instance, was still using the device in 1972. The only remaining device known to the authors is located at the Medical Museum of the University of Iowa Hospital and Clinics, Iowa City, Iowa. In retrospect, the Bloxsom AL was an anomaly. Its introduction was not based on any previous technology and it did not lead to the development of similar new technological devices for the care of the newborn. However, it did call national attention to the concurrent development of the special care nurseries and their role in the treatment of distressed newborn infants.
